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NACA ACR No. I@.2
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

-ADVANGE CONFIDENTIAL REPORT

EFFECT OF COMPRESSIBILITY ON PRESSURE
DISTRIBUTION OVER AN AJRFOIL WITH A
SLOTTED FRISE AILERON

By Arvo A. Luoma
SUMMARY

Complete pressurce-distribution measurements were
made over an alrfoll with a slotted Frise aileron for
Mach nubers from 0.25 to aprroximetely 0.76 for varlous
airfoll angles of attack and allercn deflections. Sec-
tion characterlstlcs were determlned from these nressure
data.

The tests showed a los3s in alleron rolling oocwer
for aileroa deflections from -12° to -1¢C°., At high
diving sroeds, a decroase in tkes rate of roll can be
expected because of a loss In allercon offectiveness
Aa/A6, &t cthese speeds. High stick forces fcr non-
differential alleron doilecticns at high spesds were
Indicated; and, owing to a tendency of the upgoling
alleron to overbalance, serious control difficultles
at high dlving speeds mey bYe expected. As a result of
the present data, the Air Force speclfications for the
calculation of alleron lioads have besn revised to take
into account the actual loads at hligh speeds as shown
by these data.

INTRODUCTION

Flight tests to improve the alleron characteristlecs
of the P-l}7B airplane had already been started by thse
NACA when serious structural difflicuvltlies of the allerons
ware encountered by the Republlc Avliation Corporation in
the flight tests of a P-L7B alrplane. The present tests
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in the NACA 8-foot high-speed tunnel “were then iInaugurated
to determine, specifically, the loads on the ailerons of
the P-47B airplane and, generally, the effects of com-
preasibllity on the alleron cbaracteristics. An alleron
model based on the wine of the XP-Li73 alrplane was tested
end the aerodynamic characteristice of the airfoil and
the allsron were determired f'rom complete pressure dis-
tributions over the main vortion of the airfoil and the
alleron. The tests wore made for Mach nuwabers from 0.25
to approximately.0.76 und included various wing angles

of attack and alleron deflactlions.

SY:BOLS

The term "alrfoil” 1s hereiln ussd to mean the
comblnatlon of alleron and the maln portlion of the alr-
foll. The torm "ailleron &loue" refers to the charac-
terlstics of the aileron In tle presence of the maln
portion of the alrfoil. Aerodynamic coefficients and
other symbols are deflned as follcws:

a angle of attack
v veloclty in undicturbed stremm
D local static prescure £t & noint on alrfoll section
Py statlc pressure in undisturbed stream
p mass denslty In undlsturbed strean
a speed of sound in undisturbéd stream
q dynemic pressure in undlsturbed stream (%-pvz) '
P pressure coefficlent (?1_%_2%)
M Mach number (V/a) ,
a ajleron deflection; positive for down deflection

Ca total chord of alleron (zee fig. 1)
chord of main portion of airfoll (without alleron)

chord of airfoll (with aileron)
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xha

Ty

distance along chord from leading edge of airfoll
or aileron . S

hinge-axls location along chord from leading edge
of alleron

hinge-axls locatlon along chord from 1eadiné edge
of airfoll

¥ distance normel to chord

Tn hinge-axls location normal to chord

Subscripts:

cr when local speed of sound has been reached on
some polnt on alrfoll section

U upper surface of alirfoll sectlon

L lower surface: of alrfoil section

&h ghead of maximum ordinates of Aileron

r to the rear of maxlimum ordinates of aileron

max maximum

mI; hinimum

Cn sectlon normal-force coeffliclent of ulleron alone

a from pressure-distribution. data
c
°na=312 T (- By @

Cny 8ection normal-force coefficlent of main portlon
of airfoil (without alleron) from pressure-
distributlion date

c
ch=ci-MOM(PL-PU)dx
Cry section normal-force coefficient of aiffoil (with

aileron) from nressure-distribution dats;
component of total normal-force coefficlent due
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to alleron chord force neglected; waximum
absolute error thus Introduced only atout 0.01

— L
°n, T T (cvan + Caln, cos 65)

spction chord-force coelflcient of alleron alone
fronu pressure-~distritution data

ccq = 55| (Pan - Pp) ¥

gsectlon ringe-moriart ~oeflicient of alleron &lone

about &ileron uhings exlszs from ressure-distrlibution

data
1 :') 'f\cg_ }
ong = (F) |, (0 - E)( - ) o
M Inac:
’ J.’,f ain (Pah B P?)(Y " Tn )

sestlor piteldng-roment coalficient of airoll (with
gliercn) akoat cuarter-cucrd poirt of airfoil
due tc normel iorecs ca nain portion of alrfoil
and elleron; pitching moment due to chord force
of mrin portion cf @#irfoll wnd gllaren not
includel

LY e Cy.
- (-C_J; L (PU - L)éc - -,i’—) d:

o]
l

Ca
+ Jg (PU - L)(x - xha) dx
= CngCa COS ﬁﬁ(fhw - %F)
+

®ngCa 81N bg Ty,
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saction center-of-pressure coefficlent of alleron
‘alone (ratlo of disteance of c.p. of alleron

c
Pg
) from L.E. of alleron to total chord of alleron)

APPARATUS AND TESTS

The tests were made in the NACA 8-foot high-speed
tunnel, which is a single-return, circular-section,
closed-throat wind tunnel with tie airspeed contlnuousl
controllable in an anproximate Mach number range of 0.1
te 0.75.

The model used in these tests was a 2L-inch-chord
10.5-percent-thick airfoil with & slotted Frise alleron,
was of unlform section, und epamned the tunnel. The
mein portion of the airfoll n»neassed through the walls of
the tunnel in a manner typlcal of model installation in
the NACA 8-toot high-speed tunnel and, to permit deflec-
tion of tho alleron, a gap of 1/16 inch was included
between the ends of the alleron and thie tunnel walls.

The dimenslons of the nodel section were obtalned
by reducl: g scaled dimensions of the wlrg of the
P-Li7B-3 airplans at the midsection of tke Aaileron. (3ee
fig. 1 end tables I and II.) Sufficiosnt static-»nressure
orifices were located on the maln mortlon of the model
and on the alleron to determine the corniplete pressure
distribtution over the airfoil,

Static-presanre measurements wore made for lech
numbers from 0.25 to anproximately 0.76 for various air-
foll angles of attack ard alleron deflections. At the
higher speeds, the range of ungle of attack was limited
by structural load conslideratlons. The Bests were made
with aileron deflections from -199 to 16°. Simultaneous
observations of the statlc pressures acting over the air-
foll were obtained by photographing a multiple-tube
liquid (tetrabromethane) manometer.

RESULTS

The aerodynamlc force and moment data presented
hereln were determined from mechanical integration of
diaegrams of pressure coefflcient P plotted against
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chord for pressures over the upper and lower surfaces of
the main portion of the airfoll and of the aelleron. At
the hilghest speeds, some of the peak negatlve pressures
exceeded the range o the manometer board snd consequently
were not obtalned; in these cases, however, the faired
pressure-distributlion plots with the peaks estimated aere
belleved to yleld data suificlertly accurate for engl-
ne3ring purposes. In order to 1lllustrate graphically the
nature of the pressure distributlion over the airfoll, a
few of the pressure diagrems are incliuvded in figure 2.

The wing angle of attack a has been corrected for
model twist and most of the aerodynemlc coefficlents are
plotted agalnat this corrected cngle of attack with
alleron deflection &6, as a paremster. Cross plots
of the aorodynamric coefficlents against alleron deflec-
tlon O8g have been rede Irom the basic data for several

values of Mach number. In this report the aserodynanic
coefflclents, which are derived from pressure-distribution
data, can te taken as soection cheracteristlecs.

Airloill section normal-foirce coefficlent Chy is

plotted agelnat engle of attack a &t varlous alleron
deflections in figure 3. Gther zirfoll cheracteristles
(slope of rormal-force curve écnw/éa and Ocy,/08,,

angle of attacl: for normal-force coefficlent ol 0, and
eileron sffectiveness Aa/ABy), based on the data of

fimgure 3, are given in figures L to 6. It 1s to be
noted that the effectiveness ratio Ac/AGy; 1s airectly
propcrtional to the velues cf pb/2V at unit alleron
deflectlion for & rigid wing in pure roll, where p 1s
the rete of roll in radlar psr second and b/2 1s the
semlspan in feet. Reference 1 shows thai, for usual
rates of elleron apnlication on current Tigchter-type
alrplanes, the rete of roll of the airplane whille the
allerons are bolng deflected nearly ettalns the full
value of the steady rats of roll corresponding to any
glven alloron defl=ctlon. Figure 7 shows the section
steady rate of roll per degree deflectlon of single
aileron p'/ASa ggainst Hach mumber st two altitudes,
The section steady rate of roll i1s celculated on the
basis that the section rolling riomsnt rasulting fron
deflection of the alleron 1is simply balanced by the
section damping momert due to rell and, based on thils
assumption, the followlng equatlon 1ls used:

_gl _ _Aa V
£S5, T A5; bt/2

a
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where
pt ‘section steady rate of roll, degrees per second

br/2 distance from plene of symmetry of eirplene to
midspen of aileron (taken as 15 ft)

ASg deflection of single alleron, degrees
Aa/ASg alleron effectiveness

The curve of sectlion steady rate of roll is included
(fig. 7) to show the nature of the compressibility
effects on the rate of roll. For the actuwal airplane,
the rate of roll would be annreclably less than the
szotlon values shovm because dmmplng moments are devel-
oped by the entire wing and winz twist is present.

Alleron section hinge-noment-coefficlont data are
Included in figures 8 to 10. Figure 11 has data for
alleron sectlon center-of-pressure coeflficient. Illus-
tratlivo stick-force data based on nondifferential alleron
deflections and hirge-moment coefflcients at alrfoll
sectlon 11ft coefficlents corresnonding to those of the
P-Li7B alrplane in level flizhit ere riven in figure 12.
These data were calculated for an aileron linkage of
1.7° alleron deflectlien per inch of stick movement, an
area for tho single allcron of 13 scuare fect, an
aileron nean chord of 18.75 Inches, and a hinge-axis
locatlon 25.7 percent buck from tie leadlng edge ol the
aileron. No account has been taken of variation of the
section alleron balance along the allsron span or of
the effect of three-dimensional {flow on &ctual stick
forces.

Data on peak negative pressure coefficlent and
section crlitical Mach number for the alleron &are given
in figures 13 &and 1ll;, respectively. Figures 15 and 16
contaln elleron sectlon rnormal-force-coefficlent date,
and figure 17 shows the average alleron sectlion loading
against Mach number at iwo altitudes for steady rate of
roll.

Figures 18 to 20 have data on peak negative pres-
sure coefflclent and sectlion critical Mach number for
the main portion of the eslrfoll. Alrfoll section
pitching-moment-coefficient data appear in filgures 21

and 22. Figure 23 has alleron section chord-force-
Rt .n.nvl [P l':n.'hﬂ
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DISCUSSION
Control Characterilistics

For a glven Mech number, & decrsase 1n alleron
deflectlon generally results in only a small decrease
in the slope of the normsl-force curve bcnw/Ba

(fig. %) and the effect of thls decrease 1s to make the
allerons somewhat more effective at the higher airfoll
normal-force coefflcients. The rapid rise in slope at
supercritical speeds (lig. h) has been shown by plain
airfolls that have the meaxlmum thickness well forward
(reference 2)., At Mach numbers boyvond the range of the
present tests, the typlcal fall In slope shown by plain
airfoils (reference 2) und attributable to Iflow changes
ascoclated with the formetlon of severe comprcssion
shocks can be ocxpocted. Also Included in figure . 1s
the slope of tho normal-force curvo dcp /08, for

moderate alleron deflectlon, ond the similarity between
the compresslbllity effects and those shown by the
slope Ocp,/0a 1s evident.

Frise allerons are characterlstically inefficlent
at large up deflectlons. The data of these tests
indicate an actual decrease in rolling-moment coeffl-
clent, as shovn by &an increase 1n airfoll normmul-Torce
coefficlent (fig. 3) when the ellsrcn deflection is
changed from -12° to -19°. This reductlon in rolling
efficlency can be erplained by a consideration of the
statlc pressures acting over the airfoll. PFor a given
angle of attack, the allevron rnormal-force coefflcient
decreases a3 &g changes from -120 to -19° (fig. 15).
Thne normel-Tforce coefficlent on the maln portlon of the
airfoil, however, increases for tue -19° deflection
since the slot orescures, which &are more posltive for
the -19° deflection, cause an increuse in the pressures
on the lower surface of the main nortlon of the alrfoll
forward of the slot to about thke 25-percent-chord
location. The upper-~surfece nressures over the maln
portion of the airfoll, In addition, are scmewvhat more
negative for the -19° deflectlon and this condition
further lncreases tl.e normal IJcrce of the airfoll maln
portion. For ihe alrfoll tested, the net effect of
changing the aileron deflectlor from -12° to -19° is
to cause an increase In alrfoll norral force since the
increass 1n normal force over the main portlon of the
airfoll 1s greater than tho dacrease 1n normal force
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over the alleron. This increase in airfoil normal -

“force cosafficient results In"a 'decrsaseiii roélling-

moment coefficilent which, in terms of airnlane control
characterlistics, means a reversal 1In control effectiveness.

The effectlveness of the alleroun as a means of
changing the angle of attack for an airfoil normal-
force coefflicient of 0 1s illustrated by figure 5; and
it 1s to be noted that the grehater the negative slope of
the curves, the more effectlve tlhie allerons are for
producing & hizh rate of roll. The offect of compressi-
bllity on the slope 1s more clearly brought out in fig-
ure 6, in which the alleron effcctiveness or propor-
tionallty factor Aa/abg 1s taken as thy average value
for aileron daflectlons from -6° to 6°. For a constant
&irfoll normal-forcn coefficlint of O, Aa/Adg decreases
from 0.435 (tho riinus sizn 1s or.dtted) to 0.32, or 26 per-
cent, &s the Macl. number is increased from 0.25 to O. 76.
Most of the decroese 1esults at Mach numbers above 0.70,
vhich 1s approximetely the critical Mach mumber of the
mein portion of the wlrfoll. The date show some 1lncrease
in Aa/hb wlth Incrreuse In ulrfoll rormal-force coeffl-
clent; at®a Mach rumber of G. 70, Aa/AEg increases
5 percent &s the normél-force coelfflclent irncrsases
from 0 to 0.2. Tke significuace of Aa/Abg 1s brought
out iIn flgure 7, whilch shows the variatlon vwith Mach
number of the soctlon cteady rate cf roll per degree
alleron deflectlon. For iAch nmubers up to 0.4, the
rate of roll por degree aileron deflection p!'/Aég 1s
nearly & linear ITunctien of Mach number since the alleron
effactiveness Ac/Ab; 1s essentlally constant. At
Mach numbers above 0.l, however, the rate of roll
increases less rapidly with Mach numbor owing to the
decroasge In alleron offectlveness untll, at the criticel
Mech number of 0.70, there 1s ectually a decrease in reate
of roll. As was hrought out preovliously, the rate of roll
of the asctuel alrplane for rigld-ving condltions would
be proportionatzly smaller than the sectlon rate of roll
since damping moments in roll are developed by the entire
wing. Wing twist would modify further the rate of roll
shown.

The 1Inefficlency of Frise allerons at large up deflec-
tions 1s borme out by these tests, wnlch show a loss In
rolling power as the deflection chenges from -12° to -19°.
The shift in the angle of attack for zero normal force
with Mach number decrceases the &aileron effectiveness
Aa/ABg at hLigh speeds; and thls decrease may be suffilclent,
as In these tests, to cuuse &an actual decrease in the
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section steady rzte of roll per degree alleron deflection.
The alleron effectliveness lncreases somewhet with alr-
foil nopnal-force coefflclent.

Alleron Hinge-Moment Coefflclent

The hlnge-moment coofflcilent for modorate positive
glleron deflections 1s essentially inssnsitive to small
chaenges in angle of attaclk in *he viclinlty of an angle
of attack of 0°, whereas the hings-iorant coeiflclent
for negatlve alleron deflectlons decreases with increasing
angle of ettack (fig. 8). In other vords, the rate of
change of hinge-momont coefficlent with angle of
attack Acha7§a is practicellr zoro for noderate positlive

deflectlons and i3 negetive for negatlve deflections. A
negative velue of Acha/Ac during roll iuntroduces a

hinge-moment component that tends to lnecreass the totel
alleron deflecticn and, for an vnderbalanced hinge-rioment
commponsnt due to aileron deflactina, wlll decresse the
stick force. fThe reduction in stic: force due to roll
of the alrplane 18 & deslrseble feature but, for a closely
balanced alleron, the pwasibllitles of overbalarnce must
be considered. In “iguce 9, Acha/ha is talten as the

averaga ol tho slopes for egual up w:nd down alleron
daflections aud epplies for ailvrfoll normal-force coeffl-
clents from 0 to 0.2. It is seen thet ﬁcha/Aa becomes

more nsgative with (1) inereasing aileron deflection
and (2) Increasing Mech number for the larger modersate
deflections (%¥6°). The dscrsase ln rverage slope 1is
mainly due to the decrease wilth Mach number of the slope
of the upgoing aileron.

The typlical rapld increase 1n the hinge-moment
coefficient of Frise allerons at the larger up deflec-
tlons due to [low seperatlon off the lower surfacse 1s
shown in filgure 10. The pressure distributic-ns over
the alleron 1Indicate that, for the -19° alleron dsaflec-
tion, the flow ovar the lower surface has completely
seperated right from the sharp nose of the alleron, with
a consaquent shift In conter of pressure back to about
39 percont of the alleron chord (fig. 11). The pres-
sure data for the -129 alleron deflection also show
separatlon off the lower surface of the aileron but,
in thls case, the separation 1s less drastlc than with
the -19° deflection. Compressibility effects aggravete
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the separated flow of the -12° deflection.. Even for the
-6° aileron deflection, incipient separation is indicated
with decreasing angle of attack at the highest Mach
mumbers. This separation off the lower surface of the
alleron at the larger negative deflections with the con-
sequent rearward shift In center of pressure causes the
large increese in hinge-moment coefflclent Chg at

these deflections.

For alleron deflections of -/4° and -6°, the center
of pressure moves forward as the Mach number increases
(fig. 11) owing to the building up of the negative pres-
sures sbout the nose and the forward portlon of the
ailerons. For some of the alrfoll normal-force coeffl-
clents, an overbalance of the individual alleron exists,
particularly at tne highest Mach numbers (fig. 10(c)).
For poslitive alleron dellections, there 1s a general
rearward movenent of the center of pressure (fig. 11)
and consecuently a mors negative hinge-moment coeffl-
cient wlith both increasing ailleron deflection and Mach
mmter. For alleron deflections of 12° and 16°, the

ressure plots Indicate some separation off the rear-
ward portlon of the upver surface of the alleron; thils
ssperation is rmuch less severe, however, than the
separation off the lower surface at large negative
deflections.

At high Mach numbers, the allerons are limlted to
small deflections, particularly at low altitudes, because
of large stlck forces (fig. 12¥. At a Mach nurber of
0.525 (L,00 mph for sea-level conditions) and an alleron
deflection of 1}©, the calculated stick force 1is
55 pounds. As has been polnted out previously, the
calculations were mads by assuming the seme hinge-moment
coefflicient for all sections of the selleron, and no
correction was made for three-dimenslonal effects on
stick forces. Tne calculated sectlion steady rate of
roll for these conditions 1s 66° per second; the rate
of roll would be less for the actuael alrplane, since
the entire wing in roll contributes to demping and the
wing 1s not rigld. Tests of the Spitfire have shown
that wing twist at 00 mlles per hour decreased the
steady rate of roll 65 percont (reference 1). Ailrplane
spesds in dives approach a Mach number of 0.38 (610 mph
at 25,000 ft), and fizure 12 shows that alleron
difficulties can be expected at such high speeds.
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At an eltitude of 25,000 feet and & Mach number of 0.76
(525 mph)for example, the data show a reglon of aileron
deflecticn that is unsteble slnce the stick force
decreasas with lncreasing alleron deflection. BResides
beling unsultable for well-controlled maneuvers, this
region of unstable alleron chsracterlstics can well lead
to structural difficulties ol tne ailerons {rom vibration
and shake. At speeds beyond those of the test data,
control difficultles may be even worss.

FPrise Alleron Difficulties

For moderate negative I'rise alleron deflections,
there 1s a typlcal abrupt li.crease of ti.e alleron peak
negetive pressure coefilcisnt in the supercritical
reglon and then a collupse &t stlll higher lach nuribers
ag 1llustrated by filgure 13, whilch i3 for an alleron
deflectlion of -49. 3Ivon at tkese higher Mach numbers,
nowever, a goeneral Incre&se of the air loads occurs on
the forward portion of ths ujleron with a resulting
increajed tendency toward overtaiarce. Although theru
may bs no net ovorbelance of tha corbined allerons, the
tendency of +*le upgeing allsren to cverbalance produces
an unstable sticx~l'crce varlaticn that ce&n well le&d to
further control difficulties. The high peak negative
pressures and the steep edvarse pressare gradient about
the nose of a Frise slliercon at up deflectlons are in
themselves undesireble, but equally significant 1s the
fact tihat the eir flow, end hence the pressure distribu-
tion, about the alleron ncse may be very senslitive to
nose shépe. Small riose-sghane differences resulting
from manufacituring irrepularitles or michendlirng iIn
alleron £ssembly or in cubseQuent operations cen glvs
rise to &ppreclable changes 1n alleron behavicr,
particularly hinge-roment characteristics. Vvarliatlons
In alleron rigging may also have un appreciable efflfect
on the aerodynemlc characteristlics of the alleron.

Figure 1l. cleerly illustrates the bnsic chkarac-
teristlic of a Frise allorcn ITor dorlecticns with the
nose nrotruding into the &ir stream, namely, low
alleron critlcel llach numbers aue to hlch nesative
pressures about the 8lleron nose. A knowledge of
the critical speeds of allerons of thls type is
important in deterrir ing speods at which &lleron
difficulties can be exmected.
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For high-speed aircraft, any type of alleron balsnce
"that deperda for 1ts ope"ation end bslance on the air loads
scting ahout an asileron nose which protrudes into the ailr
streamr 1s undsslirable baecruse of 1ts serodynemic drawbacks.

Alleron Sectlon Loads

The present tests hring out the fact that, 1in the
structural design of slotted Frise allerons, equal con-
slderation musat be lven the mognltude of the dcwnloads
and the uploals on the alleron. (Sve figs. 15 and 16.)
Compressiblility has a grouater effect on ajle"on loading
for negative deflecticns thkan feor positlwve deflections.
For an alrfoll normal-force coelfflclieont of 0, the value

£ ailleron normel-force coeff.clent Cng et an aileron

deflectlon of -6° changes fror -0.30 to -0.42 with
increese in Mach mmber frcem J.25 to 0.76; whereas, fcr
en elleron daflectlon of 6C, the change 1s from 0.23
to 0.29 for the same inzsrcess: fn Mach number. For an
elrfoll normal-force coafficlent of 0.2 and the same
Mach numbers, the wvalius 01 al1eron nermal-forco coaf-
ficlent verias from -0.2/; to -0, 34 fer a deflectlo
of =60 but, Zor & Auflecilon of 89, it remelns essentially
conftent at 0.3%0. Yhe lnsdequrcy o*n the Alr Corps specl-
ficatlons of refersnce 3 for the atructural dasign of
ailerons 1s brought out in flgure 17, which shows the
ctuel aversesze alleron section loadirg at two altltudes
for elrfoll section 11ft coefficlents corresponding to
those of the P-l47B alrplaone 1ia levol flight. By using
the 4lr Corps speclfications to calculete alleron average
dosign loads (thesc specifications include a factor of
safety of 1.5), values of 112 pounds per square foot for
uploeds and 56 pounds per squere foot for downloads are
obteinsed. It 1s qulite evlident thaet the ectual loads in
high-spand flight can well exceed the calculated values,
particularly for downloads.

As a result of the present data, speciflcatlions for
the celculsetlon of alleron loads as glvon 1n reference 3
have beon revised sc that due account 13 teken of the
actual alleron loads attalned 1n tne normal operatlion
of the eirplane at high speeds.

Other Airfoll Charecteristics

An exemple of ths usual type of plot of peek negative
pressure coefficlent of the maln portion of the alrfoil
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against Mach number 1s included in figure 18 for an saileron
deflection of 0° For the alrfoll tested, the meximum
crlticai Hach numoer of the main vortion of the airfoll
for moderate alleron deflectlions 1s &pproximately constant
et 0.70, and thls maximum Mach number 1s of course for

tne values of argle of attack at which hoth upper and
lower surfaces become critical similtanecusly (fig. 19).
For airfoll normel-force coefficlents {rom 0 to 0.2, the
unper surface of the main portlon of the ecirfoil 1s criti-
c8l for negative alleron deflsctlons and elther the

lower surfece or the uo»ner surface is critlcal for
positive aileron doflections (fig. 20). The difference

in criticel speeds -~ honce, differernce in drags - of an
alirfcil with urgoing and dovngoinz wllerons of course
aflects the yawing tendewncles of an &irplene.

Characteristic of ailerons which have 4 nose
protrudlng Into the &lr stream onupdeflectlons, it is
to be noted tuat the critlcal spezd of tie aileron nay
be reached at speads lower tnan t:ao crltlical sneed of
the mein portion of the airfoll; for exennle, with an
allercn defleztion of -6° &nd &t an airfoil normsl-force
coafflcient of 0, the aileron tested (lnwer surface)
becomes critical ai & Mach number of 0.5L5 whoreas the
mein portion of the &irfoill (uprer surface) becomes
critical et a liach number of O..b6. For nigh-speed
alrplesnas, the adverse &aercdy.atmlc effects due to the
development ¢f com»ressior shock oa &ilercns nf thils
type cannot be cverlcokad.

The re&te ol curnge of nlitching-moment coefllclent
with engle of attack dc,/ta generally is positive for

all alle.on doflecticns excent at the higuest liech
nuivers at whicli tiwe elone bacomes riegative for negative
alleron deflections (fig. 21). This chaure in slope in
tha suparcritical region 1s due to the rearward shift

of thie center of pressurc cf the uploads on tho main
porticn ol the sirfToll with incre&se 1n angle of attack.
Compresslibllity has a greater effect on the alrfoll
pitching-momrent cooefflclent at mcderate »Hosltive alleron
deflectlons then at nicderate nepative delflections

(fig. 22). PFor the pcsltivs dufleccions, ths »itching-
momont coefflclent conslistuntly decrecases with Mach
number and, for the negative deflsctions, thoe pltching-
momant coefficicnt generally Incrsasocs w'th Mach number
except at the highoest specds, at which tho pitchlng-
moment cocfficlent decrcases.
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For allercns that have. the hinge axld located well
below the chord line, the hinge-moment component due to
the chord force may be appreciable. In the present tests,
this component amounted to about 8 percent for the
largest alleron deflections. Flgure 23 is included to
show the magnitude and varlation of the alleron chord-
force coeffliclent with alleron deflectlion. These data
are based on pressure forces and of course -do not 1include
skin-friction forces.

CONCLUDING REMARKS

Complete pressure-dlstribution measurements were
made over an alrfoll with a slotted Frise alleron for
Mach nmumbers from (.25 to approximately 0.76 for various
alrfoll eangles of attack and alleron deflections. Sec-
tion characteristics determined from these pressure-
distributlon measurements indlcated the following
conclusions:

1, A loss in alleron rolling power was found for
alleron deflections from -12° to -199°,

2. A 26-percent decrease in alleron effec-
tiveness Aa/gba occurred between Macli numbers of 0.25
and 0,76 and, even without wing twist, this decrease
would cause an actual decrease in the rate of roll at
high dlving-speeds,

3, High stick forces for nondifferential alleron
deflectlions at high speeds were indicated.

li. Control difficulties at high diving speeds can
be expected because of a tendency of the upgolng aileron
to overbalance. '

5. As a result of the present data, the Alr Iorce
svecifications for the calculation of alleron loads have
been revised to take into account the actual loads at
high speeds as shown by these data.

Langley Memorial Aeronautlical Laboratory
Natlonal Advisory Committee for Aeronautics
Langley Fleld, Va.
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o ' ) _TAEBLE I
ORDINATES FOR MAIN PORTION OF AIRFOIL (WITHOUT AILERON)

Eﬂ;-in.-chord model of section of P-L7B-3 wing taken
through midsectlon of slotted Frisce alleron;
stations end ordinates in in. from airfoll L.E.
and chord line, respsctively]

Ordlnate Ordinate
Statlion] Uoper Lower Statlon Upper Lower
surface|{ surface surfeaece| surface
0 | mcmmmae=] e
.03 0.11 -0.08 9.5J 1.21 -0.91
.15 .27 -.17 10.10 1.47 -.90
.zo L2 -.23 10.63 1.4 -.88
. 5 -56 --2 11-8 1 ".85
.89 .6 -.32 1%2.07 1.23 -.78
.85 .8 -.58 1L.25 | 1.10 -.70
1.19 1.00 -3 15.15 .88 -.61
1.hg 1.12 -.47 16.25 .58 - .55
1.7 1.22 -.51 16.5% .63 ~-.52
2.03 1.50 -.55 16.78 .82 -.19
2.38 1.57 -.55 16.92 .80 -.13
2.67 1.3 ~-.02 17.08 .78 20
2.97 | 1.47 ~.66 17.25 77 ol
z.27 1.51 -.69 17.3%8 .75 20
3.56 1.54 -.71 17.92 72 31
.16 1.59 -.77 17.07 Rral
u.gs 1.22 - 82 17.82 g Eg
5e 1. -.85 17.97 .
5.93 1.6 -.39 18.12 66 50
6.53 1.63 -.90 18.27 6l
7.13 1.62 -.91 18.42 .63 .25
5.72 1.60 -.92 18.56 .61 .5
.32 1.57 -.91 18.71 .5 .56
8.91 1.54 -.91 18.76 .5 .58
L.E. radius: 0.18
Slops of radius through end of chord:. 0.100
Shroud trailing-edge readius: 0.0l

NATIONAL ADVISORY
COMMITTEE IOR AERONAUTICS
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Eﬁrin.-chord model of section of P-LL7B-3 winy taken thro

TABLE II

ORDINATES FCR AILERON ALONE

slotted Frise alleron; crdinates in in. from cherd 1lin

midsection of;

Nosepiece Tallntece |
Station Ordinate Statlon ' Ordinate’
in. f (in. £ . . '
(airfoiim a?lerzgm Upper Lower (22rf£§fm (:?1e£§§m Upper Lower
L.E.) L.E.) |Burface |surface | "o 57y LB} |surface |surface
17.54 0 -0.43 -C.L3 19.75 2.21 0.48 ~0,2
17.55 .01 -.40 -.i5 19.90 2.56 A7 -.2
17.58 .ol -.26 -5 20.05 2.51 Ay -.26
17.01 .07 ~-.3% -5 20.20 2.66 . -.25
17.6L .10 -.30 -.L:5 20.50 2.96 .39 -.25
17.07 .13 -3 -.&g 20.79 3.25 .35 -.21
17.82 .28 -.13% -.b 21.09 %.55 .31 -.20
17.57 L3 -.02 -.43 21.3 ﬁ' 5 .27 -.17
16.12 .58 .07 -2 21.b .1 2% -.1
18.27 .73 1o -l 21.98 L.Ll .20 -.1&
18.42 .86 25 -.LC 22.28 L.7h .17 -.12
18.56 1.02 = -.%3 22.57 5.03 .15 -.10
18.71 1.17 .37 -.3 22.87 £.33% .10 -.08
15.80 1.%32 L2 -.3 23 .1 5.63% .07 -.06
19.01 1.ﬁ7 45 -.3h 25 .7 5.9% .05 -.04
19.16 1.62 1,8 -.33 23.76 6.22 .02 -.02
19.51 1.77 49 -.32 23.00 6.16 0 0
19.46 1.92 .50 -.51 i
19.60 2.06 .&o -.30
19.70 2.16 019 -.29
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Figure |.— Cross sect?ion of model " based on section of _
P-478-3 wing Yoken fﬁroug/; midsection of s/otted Frise aileron.
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bution over airfoil with slotted Frise arleron.

Figure 2.— Effect of compressibility on pressure distri—
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